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1.0 Introduction

IT Corporation (IT) was requested by the U.S. Army Corps of Engineers (USACE) on
March 2, 1994 to provide support for an Immediate Response Action at the Naples Truck
Stop in Vemal, Utah, under Contract No. DACW45-90-D-9002 and Delivery Order No. 88.
The scope of this project consists of the recovery of unleaded gasoline and treatment of
impacted groundwater which has leaked from an underground pipeline located on the Naples
Truck Stop property, and migrated to the southeast onto adjacent properties. The main focus
of the recovery activities will be on the Questar Pipeline Company property. Figure 1 is a
site plan of the area affected by this project.

This Interim Report No. 2 details the product recovery and data collection activities
accomplished at the site to this point. The supporting data for the initial procedures have
been included in Interim Report No. 1. This report will focus on the most recent design
activities and projected installation and operation of the recovery and treatment systems.

1.1 SHKe Background

The Naples Truck Stop is located on U.S. 40 in Vemnal, Utah. A release of unleaded gasoline
occurred as a result of a ruptured underground supply line from an aboveground storage tank.
The quantity of fuel released is unknown. The product migration from the release appears to
be in the southeastern direction.

1.2 TAT Data Summary ,

The Environmental Protection Agency’s (EPA) Technical Assistant Team (TAT) conducted
the initial investigation to define the extent of contamination and pinpoint the source.
Through the use of existing monitoring wells, newly installed monitoring wells, and a
geoprobe, the TAT team mapped the extent of the free product and dissolved phase
contaminant as of the end of March 1994. Figure 2 shows the approximate location of both
plumes and the wells used to define both.

1.3 Recovery Trench

The release has encroached on Questar Pipeline property and was affecting their daily
operations. Questar initiated some recovery actions, including the installation of a product
recovery trench across their property. The trench was to be used in combination with a
biological treatment system for the treatment of recovered product and water. IT was

J
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requested by the USACE to provide support for the initial investigation and subsequent
removal activities. After IT completed examination of all currently available data, along with
newly acquired geologic data for the site, it was evident that the trench would not be adequate
in recovering the free product nor preventing its continued migration. A technique called
vacuum enhanced pumping (VEP) was recommended as a recovery system because of its
‘proven ability to recover products of this type in similar formations.

1.4 VEP Technology

VEP combines the attributes of vacuum extraction and groundwater withdrawal. The process
is able to:

* Recover residual volatile organic compounds (VOC) below the static water table,
where vacuum extraction is typically not applicable

* Recover using a single point both floating product and dissolved phase
groundwater contamination :

* - Recover VOCs from within the cone of depression created by pumping of the
aquifer, where pump and treat is normally not effective

o Increase the water extraction rates in low permeability settings, thereby
increasing the well capture zone

 In certain low permeability settings, eliminate the use of downhole pumps
entirely through the use of entrainment extraction

 VEP effectively remediates the "smear" zone by the combined use of vapor and
water extraction. The static water table is lowered by water extraction. This
exposes the smear zone in the formerly saturated area to the air flow induced by
the applied vacuum.

VEP is effective and applicable for this site for the following reasons:
* The site has a limited aquifer thickness where the conventional pump type

extraction rate is minimal, due to limited drawdown potential. The use of
vacuum withdrawal will significantly increase the water flow rate in the recovery

wells, thus expediting recovery time.

e Vacuum extraction will reduce the loading on the groundwater treatment system.
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e The VEP system will remediate the fringe and capillary zones once the
groundwater table is depressed.

2.0 Interim Recovery/Monitoring Well Iinstallation

Initially, three monitoring wells (MW-11, MW-12, and MW-13) and six recovery wells
(RW-1 through RW-6) were installed in the plume area just upgradient of Questar’s office
building. Figure 3 shows the location of the three monitoring wells and six recovery wells.
The monitoring wells were installed for the purpose of collecting data for the aquifer test.
The recovery wells were located to optimally capture, as part of an interim VEP capture
system, the leading edge and downgradient portions of the plume.

2.1 Monitoring Well Installation/Development Procedures

The monitoring wells are constructed of 2-inch diameter polyvinyl chloride (PVC). The wells
were developed by bailing approximately 6 gallons from each monitoring well. Monitoring
Wells MW-11 and MW-12 had a substantial amount of silt in the bottom which was removed
during bailing. Monitoring Wells MW-11 and MW-12:were bailed continuously without .
going dry. Monitoring Well MW-13 was bailed dry and requued about 20 minutes to

Iecover.

2.2 Recovery Well Installation/Development Procedures

Recovery Well RW-1 is constructed with 6-inch stainless steel. The remaining recovery wells
are constructed of 4-inch-diameter PVC. Recovery wells were developed by bailing from 25
to 45 gallons of water from each recovery well. Development water from the wells remained
slightly turbid at the end of the development. Recovery Well RW-3 bailed dry and required
about 20 minutes to recover. Recovery Well RW-5 bailed down but did not go completely
dry. The remaining recovery wells bailed without a measurable drop in the water surface.

3.0 Pilot Test

3.1 Recovery Trench Closure

The recovery trench which traversed the Questar Pipeline property was required to be
backfilled to the original ground surface elevation prior to the execution of the VEP pilot test.
This trench was about 50 percent installed when the decision was made to abandon this
method of extraction. This design called for a trench 10 feet deep by 2 feet wide with a
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12-inch-diameter perforated pipe placed along the bottom. The trench was then to be filled
with coarse gravel to allow for the influx of groundwater and product. Extraction sumps were
also planned for installation at several locations along the trench.

In order to backfill the trench, the existing gravel and pipe were removed using a backhoe
and placed in a truck for transport to the soil holding area located in Questar’s adjacent pipe
storage yard. Once the gravel was rexﬁoved; the soil originally excavated from the trench was
placed back in the trench and compacted with the backhoe bucket. Once the trenches were
backfilled to within approximately 3 feet of the surface, road base material was obtained from
off-site sources and placed in the trench. This material was well compacted using a plate
compactor and leveled with the bottom of the existing asphalt layer.

Due to time constraints, the decision was made to place 6-mil plastic sheeting over the open
asphalt areas and cover the entire sheeting with gravel, creating a seal along the edges of the
asphalt cuts. This procedure was also followed in several other areas at the site where
excavating activities had taken place. This method was designed only as a temporary
measure, and the asphalt was restored as soon as possible after completion of the pilot test.

3.2 Initlal Groundwater Monitoring

Groundwater level and product thickness measurements were collected from monitoring wells
at the site on March 24, 1994. The measurements represent static conditions since they were
collected prior to the aquifer or VEP testing activities. Product was detected in Monitoring
Wells MW-5 and MW-8. Water table elevations are based on a 100-foot site-specific base
line elevation and not mean sea level (msl). Figure 4 shows the water table elevations and
groundwater elevation contours. Based on the March 24, 1994 measurements, groundwater
flow in the water table is to the southeast.

3.3 VEP Pilot Test

On March 25 and 26, 1994, IT personnel conducted a VEP pilot test on Recovery

Well RW-1. The purpose of this test was to assess the aquifer characteristics/soil
permeability of the study area, and determine the feasibility of using this particular
technology for the recovery of petroleum product as well as long-term restoration of impacted
soils and groundwater at the site.
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To properly size a vacuum dewatering system, a pilot test is often performed. The following

parameters are determined by the pilot test:

* Flow rate verses vacuum for both groundwater and vapor
* Vacuum measured verses radial distance from the extraction well.

The pilot test provided the following data:

o Vapor flow rate from the extraction well or wells
* Vacuum enhanced groundwater yield
» Hydrocarbon concentrations.

This information is then used to determine the size of the vacuum pump required to apply
sufficient vacuum on the subsurface, the number and spacing of extraction points, and the size
of the vapor and liquid treatment systems, if required. :

3.3.1 VEP Pilot Test Procedures

The pilot test was performed on Recovery Well RW-1, which is constructed of
6-inch-diameter stainless steel pipe and extends to a total depth of 17 feet. Monitoring
Wells MW-5, MW-8 , MW-11, and MW-12 and Recovery Well RW-2 were utilized as
vacuum and groundwater monitoring points. Vacuum readings were collected from these

‘wells using a handheld electronic digital manometer. The test was operated to determine the

optimal vacuum and vapor flow rate required to achieve the maximum groundwater and soil
Vapor recovery rates.

Prior to running the pilot test, groundwater level measurements were collected manually and
by pressure transducers. The Hermit 2000B data logger system utilizing five pressure
transducers placed in Monitoring Wells MW-5, MW-8, MW-11, MW-12 and Recovery
Well RW-2 was set up prior to conduct the test. Manual and transducer groundwater level
data were used to determine static conditions. During the VEP pilot test, the Hermit 2000B
data logger was programmed to collect data at 15-minute intervals throughout the test. The
VEP pilot test was conducted for 24 hours. During the test, manual water level
measurements were also collected in Monitoring Well MW-1. These measurements were
used to evaluate potential fluctuations in the water table in an area outside the influence of
the pilot test.
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3.4 Pilot Test Results
Based on review of the data collected during the pilot test, two different conductivity areas

exist in the water table at the site. The lowest area of conductivity was measured in the
south-southwestern direction from Recovery Well RW-1 to Monitoring Well MW-5. The
highest conductivity area was measured in the southeastern direction from Recovery

Well RW-1 to Recovery Well RW-2. Hydraulic conductivity values were calculated from the
pilot test which shows a K value of 17 feet/day (ft/d) in the low conductivity area and a

K value of 39 ft/d in the high conductivity area.

Vacuum effect was only detected in Recovery Well RW-2 as 1.6 inches of water (iw). The
remaining four monitoring points did not indicate any detectable vacuum influence. Several
reasons exist for the lack of vacuum measured in all radial directions from the extraction
well. Monitoring wells screened in the saturated zdne only would require groundwater
drawdown to be below the top of the screen in order to expdse the unsaturated zone to the
vacuum. The presence of a higher conductivity area will channel vacuum-effected air flow
through the path of least resistance. After review of data collected to date, it appears that a
combination of both factors may be affecting the test results. This data do suggest, however,
that both groundwater and soil vapor are readily available for extraction purposes.

The pilot system operated for 24 hours and recovered 3,457 gallons of groundwater for an
average groundwater flow rate of 2.4 gallons per minute (gpm). Based on this flow rate and
groundwater analytical results obtained from the influent to the air stripping system,

0.028 pounds per hour of total benzene, toluene, ethyl benzene, and xylene (BTEX), or
gasoline, were removed through the groundwater treatment system. Additionally, two soil
vapor samples were collected approximately 12 hours and 23 hours after beginning the test.
The two analytical results indicate that between 591 parts per million (ppm) and: 630 ppm
were extracted through the soil vapor at any given time, for an average of 610 ppm for the
entire test. Using a mass balance equaﬁon,_vthe average amount of BTEX removed from the
air stream during the pilot test equates to 0.190 pounds per hour. An average soil vapor flow
rate of 24 standard cubic feet per minute (scfm) was measured throughout the test.
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4.0 Interim Recovery System

4.1 Design and Layout

The interim recovery system, which had been installed in March 1994, used the combination
of groundwater and soil vapor extraction recovery wells fitted with 1.5-inch-diameter drop
tubes inserted to the base of the extraction well screen. A 20-horsepower, oil-sealed, diesel-
powered vacuum pump applied approximately 10 inches of mercury to each wellhead to
siﬂmltaneously remove hydrocarbon-affected water and volatile hydrocarbons as a residuum
within the unsaturated soils. Each individual 1.5-inch line leading from the recovery wells to
the main influent line is equipped with a gate valve, pressure gauge, and threaded sample
port.

The main influent line directs the recovered water and air stream into a water/vapor separator.
From the separator, the water is pumped to an oil/water separator tank. Recovered separate-
phase hydrocarbons are collected in an aboveground holding tank to await proper disposal.
Water containing dissolved hydrocarbons is transported from the oil/water separator into an
air stripping system. Finally, treated water is transported to the sanitary sewer for discharge.
The vapors separated from the groundwater in the water/vapor separator are routed separately
to atmospheric discharge. Figure 5 depicts the interim remedial system process flow.

The hydraulic conductivities utilized in the estimation of flow rates for this interim design are
based upon the drawdown data collected in the pilot test. This test was conducted on
Recovery Well RW-1. Based upon the results of this test, it appears that Recovery

Well RW-1 is located just outside the high conductivity area. This would result in an
accurate estimate of hydraulic conductivities in the lower conductivity region but an
underestimation of hydraulic conductivities in the channel fill area which is in the higher
conductivity area. Therefore, higher recovery rates are to be expected in the higher
conductivity areas.

4.2 Setup and Operation

During the first month of initial remedial action, Recovery Wells RW-1, RW-2, RW-3, RW4,
and RW-6 were utilized as extraction wells. Due to changing site conditions and vacuum
pump performance, IT personnel tumed off Recovery Well RW-6 on May 3, 1994,
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Richards Laboratories conducted a limited bioremediation pilot test on May 4, 1994. The
water effluent from the vacuum unit was rerouted from the air stripper to the biosystem. At
the time of the pilot test, Richards Laboratories was not able to accept the air stream flow
into the biosystem. Results from the bio pilot test proved to be inconclusive since Richards
Laboratories’ equipment could only handle a limited flow rate (approximately 3 to 5 gpm)
and the air effluent from the vacuum unit was not discharged into the biosystem. Once the
bio pilot test was completed, the water effluent from the vacuum pump was routed back into

the air stripper.

On May 11, 1994, the 500-gallon aboveground diesel fuel tank exploded and the vacuum
pump caught fire. The remedial system was down until the second week in June 1994, while
a new electric powered pump could be acquired. Three-phase, 480-volt and 240-volt power
was brought in to supply the energy needed to run the vacuum pump(s). The electric vacuum
pump that replaced the diesel unit (System 1) is a 15-horsepower, three-phase, 240-volt,
liquid-ring vacuum blower capable of 29 inches of mercury and an air flow rate of 225 scfm.
Once the system was restarted, Extraction Wells RW-1 through RW-6 were brought on line.

Figure 6 plots the estimated hydrocarbon removal in both the air and water phases along with
the groundwater recovery during the interim recovery period. Groundwater recovery was
measured with a totalizing gage. For this reason, per minute flow could be estimated only on
the days when the totalizer was read several times a day.

The March data points were taken during the pilot test with only one well pumping. With
multiple wells pumping, the groundwater recovery well rate increased (April 4, 1994). On
May 5, groundwater and air effluent sampling was conducted. Groundwater recovery rate had
dropped off somewhat since the aquifer had become partially dewatered. The recovery
system was balanced just prior to the sampling event so its extraction rate was maximized.
Total hydrocarbon extraction rate exceeded 32 pounds per day in both the liquid and vapor
phases. With continued pumping, the hydrocarbon removal rate dropped off as the flow
stream became diluted through the introduction of clean water along the edges of the plume
boundary. During the month of July, the vacuum pump began to show a reduced efficiency.
Adjustments were made to the system to compensate. This reduction in extraction
effectiveness is evident in the groundwater recovery curve in Figure 6. The final biotreatment
system test was conducted from August 10 through August 12. After this test, the vacuum
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pump was dismantled and inspected and exhibited signs of unacceptable wear. The
manufacturer indicated that this type of wear was usually caused by chemical etching. To
reduce the probability of this problem in the future, an air/water separator tank has been
incorporated upgradient of both vacuum pumps to remove the potentially damaging
groundwater. A second air/water separator tank downgradient of the vacuum pump will
supply the clean water for cooling and sealing in the pump.

5.0 Interim Biological Treatment System

5.1 Design and Operation

- Figure 7 shows the layout of the biotreatment system as it was set up for its evaluation.

Duﬁng initial operation of the biotreatment system, the recovery system air effluent was not
pumped through it. To guarantee that the minimum contaminant levels for discharge to the
publicly owned treatment works (POTW) were met, an air stripper was used as a final
treatment step in the overall process.

Initial water quality testing indicated that the biosystem was substantially breaking down the
contaminant level in the water. However, because of the clean air being blown through all
biotanks for oxygenation, the amount of hydrocarbon loss to the atmosphere was in question.

5.2 Testing and Evaluation

In order to asses the actual contaminant reduction attributed to the biotreatment system itself,
a contaminant mass balance was performed. This mass balance included all contaminant
mass flows into and out of the treatment system. Before this mass balance was conducted,
the contaminated air was introduced into the treatment system as shown in Figure 7. Influent
and effluent air and water samples were collected along with a midpoint water sample (just
downgradient of the 12,000-gallon tank). This totals to three air and three water samples per
sampling event. Due to problems with the recovery system vacuum pump, only one round of
samples was collected.

Both air and water samples were analyzed for BTEX. The final water output sample was also

analyzed for total petroleum hydrocarbons (TPH) gasoline. The POTW discharge permit
allowances are based upon TPH measurements.
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Results of this mass balance were as follows:

INPUT TO TREATMENT SYSTEM (first bioprocess tank)
Total loading from water: 2.26 pounds per day total BTEX
Total loading from air: 7.00 pounds per day total BTEX

DISCHARGE FROM FIRST TANK
To air: 2.21 pounds per day total BTEX
To water effluent: 0.034 pound pe day total BTEX
Biological Breakdown: 7.11 pounds per day total BTEX

1

INPUT TO SECOND TANK SERIES (two poly tanks)
Water input: 0.034 pound per day total BTEX

DISCHARGE FROM SECOND TANK SERIES (two poly tanks)
To air: 0.0084 pound per day total BTEX
To water effluent: 0.0000987 pound per day total BTEX
Biological breakdown: 0.0255 pound per day total BTEX

Overall water and air flow during the test was over 50 percent less than expected because of
unexpected wear on the vacuum pump. This reduced the contaminant loading from water by
approximately 50 percent. However, when the air flow was higher, the contaminant
concentration in the air was about 50 percent less. Therefore, the overall loading of
hydrocarbon from the air stream probably was not decreased because of the reduced air flow.

The biological treatment system achieved a 77 percent breakdown of the total BTEX
contamination in the flow stream. This level of breakdown could have been increased had the
air effluent from the first bioprocess tank (12,000-gallon Black tank) been input to the two
poly tanks.

Based on these results and the proposed design of the final biotreatment system, it should be
effective enough in reducing contaminant levels for discharge to the POTW and air without
the aid of any additional treatment of the water or air flow streams. This is assuming that the
bioprocess treatment system maximizes the surface area in all treatment tanks for organism
growth.
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6.0 Final Recovery System Layout

6.1 Design and Layout

The final recovery system (Figure 8) will consist of two skid mounted vacuum pumps, four
air/fwater separator tanks along with fluid transfer pumps. Several of the recovery wells are
located in a high water yielding formation. In order to transfer adequate vacuum energy to
the formation to enhance recovery, two recovery vacuum pumps were necessary. Both
recovery systems will incorporate two air/water separator tanks, one upgradient and one
downgradient of the vacuum pump. This configuration will remove the contaminated
groundwater before entering the vacuum pump and use only the clean water from the second
tank as cooling and sealing water.

The ten recovery wells will be manifolded into the two recovery units to allow for maximum
flexibility in selecting which well is piped through which unit. This will allow for optimizing
vacuum distribution based upon water production by each individual well.

6.2 Additional Recovery/Monitoring Wells

Recovery Wells RW-7, RW-8, RW-9, and RW-10 were installed to improve recovery of the
contaminated groundwater along with capturing the leading edge of the plume. Monitoring
Wells MW-14 and MW-15 were installed to monitor the effectiveness of the recovery system
in capturing the leading edge of the plume.

6.2.1 Well installation

All of the additional monitoring and recovery wells were installed identically. A Dual Wall
Hammer Drill Rig was used to bore the wells. All wells were set on the bedrock and
screened to within 5 feet of the ground surface. Figures 12 and 13 show a typical cross
section for the wells installed.

6.2.2 Well Development

All wells were developed by hand bailing a minimum of 5 well volumes. This amount was
bailed because none of the wells cleared up completely, They were bailed until no substantial
change in cloudiness was observed between well volumes.
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7.0 Proposed Biological Treatment System

6.3 Piping installation

The piping for Recovery Wells RW-7, RW-8, RW-9, and RW-10 consisted of a dual containment
system. Each well had a 1.5-inch PVC uptake tube extending down into the well connected to
a 3-inch PVC pipe returning the flow to the recovery units. All underground piping was
secondarily contained within 6-inch and 8-inch diameter Schedule 40 PVC piping. Wells RW-7
and RW-8 are on one line together. Wells RW-9 and RW-10 are also on a line together to the
recovery units. Figure 9 shows the piping layout for Monitoring Wells MW-7, MW-8, MW-9,
and MW-10.

7.1 System Design

Figure 10 shows the proposed layout for the final biological treatment system. The major
differences in this system and the interim system are the size of the two secondary tanks, content
of all treatment tanks, and the handling of the contaminated air stream. The two secondary tanks
are 1,200-gallon steel tanks. The first of these two tanks will be full of a mat matrix to increase
the surface area for organisms to grow on. The second of these two tanks will contain carbon
as the matrix for organism growth. The 12,000-gallon tank will also be filled with the mat
matrix to enhance organism growth. The contaminated recovery system air effluent stream will
now be piped in through the bottom of the 12,000-gallon tank for optimum removal of
hydrocarbons. From there it will be forced through both of the 1,200-gallon tanks for final
removal of contaminants.

7.2 Operation and Monitoring

All recovery system air effluent will pass through the biological treatment system reducing the
contaminant concentrations to levels acceptable for direct discharge without additional treatment.
Air samples will be collected periodically to monitor the effectiveness of the treatment system
and aid in any adjustments in the process flow.

The recovery system water flow will also be monitored to measure the effectiveness of the
biological treatment system in removing contaminants. The analytical results will be used to
insure that the required contaminant levels for discharge to the POTW are met as well as to make
adjustments in the treatment system to optimize operation.
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8.0 integrated Recovery and Biological Treatment System

8.1 Design and Layout

Figure 11 shows the process flow for the final recovery and treatment system. This system will
recover and treat both the groundwater and air effluent to meet all POTW and air discharge
requirements. The fluid flow between the bio treatment tanks will be gravity flow only. This
will eliminate the need for additional failsafes for transfer pumps. The air effluent will be taken
from the recovery systems and forced through diffusers in the bio tanks by nonsparking blowers.

8.2 Operation and Integration

The control system for the recovery and treatment systems consists of two control panel
assemblies. The control panel skid for the Nepco vacuum extraction systems consists of four
control panels that are interconnected and mounted on a common station. Control ‘panel CP-1
contains the controls for the bio treatment system and the autodialer.

The Nepcco control panel contains the following interlocks:

* High and low level switches in the two air/water separator tanks (T-1 and T-3) start
and stop the submersible pumps in those tanks (P-1 and P-2).

« High-high level switches in tanks T-1 and T-2 shut down vacuum pumps VP-1 and
'VP-2, respectively, in the event the water level in the tanks becomes too high. This
would indicate a problem with the submersible pump in that tank.

"o The high-high and low-low level switches in knock-out tanks T-2 and T-4 shut
down vacuum pumps VP-1 and VP-2, respectively, in the event the water level in
the tanks becomes too high. This would indicate that the tank needed water or was
manually overfilled.

In the event that one of the vacuum blowers shuts down, the submersible pump in the air/water
tank will shut itself down when the water level in that tank drops to the low level switch. The
corresponding Nepcco panel also sends a signal to CP-1 indicating that the vacuum pump shut
down. If either of these signals is received, the autodialer is activated (Alarm Message No. 1).

The effluent tank in the bio treatment system has a high and a low level switch that start and stop

the effluent transfer pump. Each of the tanks in the bio treatment system has a high-high level
switch that will activate the appropriate alarm light on CP-1 and will send a signal to the Nepcco
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control panels to shut down both vacuum pumps. This shutdown signal is referred to as the "bio
system shutdown contacts.” When these contacts are closed for any reason, the autodialer is
activated (Alarm Message No. 2). The building sump is equipped with a high-high level switch
that activates an alarm light on CP-1 and activates the autodialer (Alarm Message No. 3).

Control panel CP-1 is also set up to accept a set of dry contacts from another source (e.g., an air
stripper control panel). This set of contacts will activate Alarm Message No. 4 on the autodialer
and can be wired to shut down the vacoum pumps.

9.0 Tentative Completion Schedule

+ Shipment of ESVE units 9/27/94

* Mobilization of field crew , - 10/3/94

+ Installation of recovery and treatment equipment 10/4/94 - 10/21/94

 Startup and testing 10/24/94 - 10/28/94

¢ Operation and maintenance 10/28/94 - 1/28/95
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